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,QWURGXFWLRQ
6RLOVDOLQL]DWLRQLVDZRUOGZLGHHQYLURQPHQWDO LVVXHWKDWDGYHUVHO\DIIHFWVSODQWJURZWKFURSSURGXFWLRQVRLODQG
ZDWHU TXDOLW\ DQG HYHQWXDOO\ UHVXOWV LQ VRLO HURVLRQ DQG ODQG GHJUDGDWLRQ =KX &RUZLQ DQG/HVFK 
$OPRVWRIWKHZRUOG¶VVRLOUHVRXUFHVDUHVDOWDIIHFWHG)$2,WLVFKDUDFWHUL]HGE\LWVGHYHORSPHQWLQERWK
WLPHDQGVSDFHGXHWRDFFXPXODWLRQRIVROXEOHVDOWVDWRUQHDUWKHVXUIDFHRIWKHVRLO6FKRILHOGHWDO$EEDVHW
DO  ,Q HVSHFLDOO\ DULG DQG VHPLDULG UHJLRQV LW LV EHFRPLQJ DQ LPSRUWDQW SUREOHP DIIHFWLQJ DJULFXOWXUDO
SURGXFWLRQ DQG VXVWDLQDEOH XWLOL]DWLRQ RI ODQG UHVRXUFHV 0HWWHUQLFKW  =KHQJ HW DO  5RQJMLDQJ DQG
-LQJVRQJOHDGLQJWRDUHDOUHGXFWLRQRIIDUPODQGVE\SHU\HDU)$2
8QFRQVFLRXV LUULJDWLRQ DQG SUDFWLVLQJ ROG LUULJDWLRQ WHFKQLTXHV LUULJDWLQJ DJULFXOWXUDO ODQG ZLWK ZDWHU ULFK LQ
VDOWODQG FOHDULQJ DQG XVLQJ IHUWLOL]HU FRQWDLQLQJ QLWURJHQ DQG SRWDVVLXP VDOWV DUH DPRQJ WKH KXPDQLQGXFHG
DFWLYLWLHV WKDW FDXVH VRLO VDOLQLW\ WRJHWKHU ZLWK VRPH QDWXUDO IDFWRUV VXFK DVSDUHQW PDWHULDO LQ VRLO VWUXFWXUH
FORVHQHVVRIVDOW\JURXQGZDWHUWDEOHWRWKHVXUIDFHZHDWKHULQJRIWKHSDUHQWURFNDQGVHDZDWHUFDXVHVRLOVDOLQLW\
RFFXUUHQFH7DEOHVKRZVH[DPSOHVIRURXWVWDQGLQJUHDVRQVRIVRLOVDOLQLW\IURPGLIIHUHQWUHJLRQVRIWKHZRUOG
7DEOH&RPPRQUHDVRQVRIVRLOVDOLQLW\SUREOHPLQYDULRXVUHJLRQVRIWKHZRUOG
,WH
P /RFDWLRQ 5HDVRQRIVRLOVDOLQLW\SUREOHP 0DLQSUREOHPVDQGHIIHFWV 5HPDUNV
 1RUWKHDVWRI%UD]LO
 WR  RI  NP LUULJDWHG
DJULFXOWXUDO ODQG LV DIIHFWHG E\
VDOLQL]DWLRQ%RXD]L]HWDO
6RLO HURVLRQ GXH WR
VDOLQL]DWLRQ
5RXJKO\  RI LUULJDWHG DJULFXOWXUH
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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JURZWK RI PDQ\ DJURQRPLF
FURSV$OGDEDDHWDO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9DULDELOLW\ RI VRLO VDOLQLW\ LV DIIHFWHG
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ODQGVFDSHSRVLWLRQ&OD\HWDO

6DXGL
$UDELD
$O+DVVD
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GDWHSDOPV
7KHVHDUHDVDUHRIWHQFUXVWHGZLWKVDOWV
DQG RFFXU RQ VDQG VLOW RU FOD\ VRLOV
$O$PRXGL
 3DNLVWDQ3XQMDE
6KDOORZ ZDWHU WDEOH DUHDV DOOXYLXP
GHSRVLWHGE\ULYHUVLQWRVKDOORZVHD
0LQHUDOV LQ SDUHQW URFNV $EEDV HW DO

6DOLQLW\ KDV GLVWUHVVLQJ VRFLDO
DQG HFRQRPLF HIIHFWV RQ
IDUPLQJFRPPXQLWLHV

 1RUWK RI$XVWUDOLD 6HDZDWHULQWUXVLRQ
([WHQVLYHGLHEDFNSODQWVVXFK
DV SDSHUEDUN JUDVVHV DQG
VHGJHV%HOOHWDO
6HD OHYHO LQWUXVLRQIOXFWXDWLRQDQG WKH
HIIHFWV RI WKHVH RQ WKH ZHWODQG
HQYLURQPHQWVRI WKHFRDVWDOSODLQVDUH
ODUJHO\XQNQRZQ(OLRWHWDO
 0RURFFR
,QFUHDVHG XVH RI JURXQGDQG VXUIDFH
ZDWHU FRXSOHG ZLWK WKH DJULFXOWXUDO
LQWHQVLILFDWLRQDUHWKHPDMRUFDXVHVRIVRLO
GHJUDGDWLRQ WKURXJK VHFRQGDU\ VRLO
VDOLQLW\DQGVRGLFLW\
/RVV RI YHJHWDWLRQ DQG
DJULFXOWXUDO SURGXFWLYLW\
%DQQDULHWDO

 0HVRSRWDPLD,UDT
3DUHQWPDWHULDOV 0RVWRI WKH DJULFXOWXUDO ODQGV
DUH DEDQGRQHG DQG VRPH
GHFOLQH LQ ZKHDW SURGXFWLRQ
:XHWDOD
'XH WRVORZGUDLQDJHVDOWDFFXPXODWH LQ
VRLOV DIWHU HYDSRUDWLRQ DQG  WUDQVSLUDWLRQ
\HDUE\\HDU

7KHREMHFWLYHVRIWKLVSDSHUDUHWREULHIO\GLVFXVVWKHFRPPRQUHDVRQVRIVRLOVDOLQLW\WRLQWURGXFHPHWKRGVXVHGWR
FRSHZLWKWKLVSUREOHPDQGWRUHYLHZWKHFXUUHQWVRLOVDOLQLW\GHWHFWLRQPRQLWRULQJDQGPDSSLQJPHWKRGV
6RLOVDOLQLW\GHWHFWLRQDQGPRQLWRULQJ
0RQLWRULQJ LV QHHGHG IRU WDNLQJ SURSHU DQG WLPHO\ GHFLVLRQV WRZDUGV PRGLI\LQJ WKH PDQDJHPHQW SUDFWLFHV RU
XQGHUWDNLQJ UHFODPDWLRQ DQG UHKDELOLWDWLRQ HIIRUWV 0RQLWRULQJ VDOLQLW\ PHDQV LGHQWLI\LQJ DUHDV ZKHUH VDOWV
FRQFHQWUDWH DQG GHWHFWLQJ WHPSRUDO DQG VSDWLDO FKDQJHV LQ LWV RFFXUUHQFH 7KHUHIRUH UHJXODU PRQLWRULQJ RI VRLO
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VDOLQLW\LVHVVHQWLDOIRUHIILFLHQWVRLODQGZDWHUPDQDJHPHQWDQGVXVWDLQDELOLW\RIDJULFXOWXUDOODQGVDVGHSLFWHGE\
%LOJLOLHWDO
3URGXFWLYHDQGIHUWLOHVRLOVDUHDVFDUFHUHVRXUFHLQERWKDULGDQGVHPLDULGHQYLURQPHQWV7KHVHDUHDVVXIIHUIURP
VFDUFHIUHVKZDWHUUHVRXUFHVZKLFKQHFHVVLWDWHWKHXVHRIPDUJLQDOTXDOLW\ZDWHUIRUDJULFXOWXUH7KHPDLQUHDVRQRI
VDOLQLW\LQFUHDVHLVIRUFHGLQWHQVLILFDWLRQRIDJULFXOWXUHIRUVKRUWWHUPEHQHILWVLJQRULQJORQJWHUPFRQVHTXHQFHVIRU
VRLO VHUYLFHV WRPHHW IRRGGHPDQG DQGSRRUPDQDJHPHQWRI VRLODQGZDWHU UHVRXUFHV ,QGHHG DVVHVVPHQWRI VDOW
DIIHFWHGVRLOVEHJLQVZLWKLGHQWLILFDWLRQDQGFRQWLQXHVE\PDSSLQJDQGPRQLWRULQJ7KHUHIRUHWKHXVHRIWUDGLWLRQDO
PHWKRGV ODERUDWRU\ DQDO\VLV ILHOG VXUYH\ IRU VDOLQLW\ PRQLWRULQJ LV LQVXIILFLHQW DQG XQVXLWHG WR WKH UDWH RI
HYROXWLRQ RI WKLV SKHQRPHQRQ DQG LV GHPDQGLQJ KLJK FRVWV FRQWUDULZLVH WR WKH VDWHOOLWH LPDJHU\ WKDW FDQ EH D
SRZHUIXOWRROIRUPDSSLQJDQGPRQLWRULQJRIWKHSURJUHVVLRQRIVDOLQLW\E\LWVV\QRSWLFFRYHUDJHDQGWKHVHQVLWLYLW\
RIWKHHOHFWURPDJQHWLFVLJQDOWRVRLOSDUDPHWHUVDW WKHVXUIDFHOD\HU0HWWHUQLFKHWDQG=LQFN)DULIWHKHWDO

2.1. Historical background of detection methods 

7ZRPDLQ HOHFWULFDO FRQGXFWLYLW\ (&PHWKRGVZHUHXVHG IRUGHWHUPLQLQJPRQLWRULQJ DQGPDSSLQJ VRLO VDOLQLW\
LQFOXGLQJ GHWHUPLQDWLRQ IURP DTXHRXV HOHFWULFDO FRQGXFWLYLW\ DQG IURP VRLOSDVWH DQG EXON VRLO HOHFWULFDO
FRQGXFWLYLW\5KRDGHVHWDO2QWKHRWKHUKDQG5HPRWH6HQVLQJ56*HRJUDSKLFDO ,QIRUPDWLRQ6\VWHPV
*,6PRGHOOLQJJHRVWDWLVWLFVDQGDGYDQFHGHOHFWURPDJQHWLFLQGXFWLRQDUHWKHDGYDQFHGWHFKQRORJLHVDQGWRROVIRU
VRLOVDOLQLW\DVVHVVPHQWPDSSLQJDQGPRQLWRULQJ7KHUHLVDKLJKFRUUHODWLRQEHWZHHQVRLOUHIOHFWDQFHDQGVHYHUDO
VRLO SURSHUWLHV VXFK DVPLQHUDORJ\RUJDQLFPDWWHU FRQWHQWPRLVWXUH FRQWHQWSDUWLFOH VL]HGLVWULEXWLRQ LURQR[LGH
FRQWHQWDQGVXUIDFHFRQGLWLRQV'HPDWWHHWDO*URXQGREVHUYDWLRQVDQGVSHFWURUDGLRPHWULFPHDVXUHPHQWV
LQGLFDWHWKDWWKHPDLQIDFWRUVDIIHFWLQJWKHUHIOHFWDQFHDUHTXDQWLW\DQGPLQHUDORJ\RIVDOWVPRLVWXUHFRQWHQWFRORXU
DQGVXUIDFH URXJKQHVV 0RXJHQRWHWDO9DULRXVDQDO\VWVKDYHFRQGXFWHGVWXGLHVRQPDSSLQJVRLO VDOLQLW\
XWLOL]LQJ GLIIHUHQW VRLO VDOLQLW\ LQGLFHV DQG GLVWLQFWLYH 6SHFWUDO 9HJHWDWLRQ ,QGLFHV 69, 'HVSLWH WKH IDFW WKDW
YHJHWDWLRQDQGVDOLQLW\LQGLFHVDUHXVHIXOIRUDVVHVVLQJVRLOVDOLQLW\QRVSHFLILFYHJHWDWLRQRUVDOLQLW\LQGH[FRXOGEH
XWLOL]HGRYHUHYHU\QDWXUDOFRQGLWLRQZLWKSURSHUUHVXOWV7KHVHLQGLFHVFKDQJHZLWKYDULRXVQDWXUDOFRQGLWLRQVVRLO
W\SHV YHJHWDWLRQ FRYHU DQGGHQVLW\ ,QJHQHUDO WKH LQGLFHV EDVHGRQ WKHYLVLEOH VSHFWUDO EDQGVZHUH IRXQG WR EH
PRUHVHQVLWLYHWRVRLOVDOLQLW\LQDUHFHQWVWXG\RI/KLVVRXHWDO,QWHUPVRIYHJHWDWLRQLQGLFHV1RUPDOL]HG
'LIIHUHQFH 9HJHWDWLRQ ,QGH[1'9, LV FRQVLGHUHG DV DQ XQFHUWDLQ LQGLFDWRU IRU VRLO VDOLQLW\ DVVHVVPHQW GXH WR
SRVVLELOLW\RIJURZLQJRIYDULRXVSODQWVLQGLIIHUHQWOHYHOVRIVDOLQLW\,QDGGLWLRQWKHH[LVWHQFHRIKDORSK\WLFSODQWV
PD\FRQIXVHVRLOVDOLQLW\GHWHFWLRQEDVHGRQWKH1'9,GXHWRPL[LQJZLWKWKHVSHFWUDOVLJQDWXUHRIVDOWZKLFKWKHQ
ZLOOOHDGWRFODVVLILFDWLRQHUURUV6HWKLHWDO+HQFHWRRYHUFRPHWKLVLVVXHDQGUHPRYHFODVVLILFDWLRQHUURUV
WRVRPHGHJUHHWKH6RLO$GMXVWHG9HJHWDWLRQ,QGH[6$9,DQGRWKHULQGLFHVDQGHQKDQFHPHQWPRGHOVKDYHKHOSHG
WR VHSDUDWH VRLO DQG YHJHWDWLRQ VLJQDOV $OOEHG DQG .XPDU  )XUWKHUPRUH *HQHUDOL]HG 9HJHWDWLRQ ,QGH[
*'9,GHYHORSHGLQUHFHQW\HDUVKDVVKRZQDUHPDUNDEOHUHVXOWIRUVRLOVDOLQLW\DVVHVVPHQW,QWKHVWXG\RI:XHW
DOEWKHSUHGLFWHGVDOLQLW\RIWKHVWXG\DUHDE\PRGHOVXVLQJ*'9,ZDVHYDOXDWHGZLWKWKHJURXQGPHDVXUHG
GDWDDQGWKHUHVXOWVGHPRQVWUDWHGSUHGLFWLRQVZLWKDKLJKDFFXUDF\RI5 

2.2. Multispectral satellite sensors 

%URDGH[SORUDWLRQXWLOL]LQJVDWHOOLWHLPDJHU\IRUPDSSLQJDQGPRQLWRULQJVRLOVDOLQLW\KDVEHHQGLUHFWHGWKURXJKRXW
WKH UHFHQW \HDUV ZLWK PXOWLVSHFWUDO VHQVRUV 7KHVH LQFRUSRUDWH /DQGVDW 7KHPDWLF 0DSSHU 70 /DQGVDW
0XOWLVSHFWUDO6FDQQHU6\VWHP 066/DQGVDW/DQGVDW /DQGVDW(QKDQFHG7KHPDWLF0DSSHU (706327
$GYDQFHG6SDFHERUQH7KHUPDO(PLVVLRQDQG5HIOHFWLRQ5DGLRPH$67(5,.212602',6DQG,56$OOEHG
DQG .XPDU  /DQGVDW 70 LPDJH ZDV XVHG IRU PDSSLQJ VRLO VDOLQLW\ LQ0RURFFR E\ EXLOGLQJ XS D VHPL
HPSLULFDOPRGHO WKURXJKXWLOL]LQJRSWLFDO UHPRWH VHQVLQJGDWDDQG ILHOGPHDVXUHPHQWVRI(&7KHSUHFLVLRQ
IRXQG EHWZHHQ (& DQG VSHFWUDO LQGLFHV GHPRQVWUDWH WKDW VRLO VDOLQLW\ FRXOG EH ZHOOHYDOXDWHG XWLOL]LQJ VSHFWUDO
LQGLFHVLQWKHVSDWLDOHVWLPDWLRQDQGPDSSLQJVDOLQLW\LQDQLUULJDWHGODQG/KLVVRXHWDO$VLPLODUVWXG\RI
DSSO\LQJ/DQGVDW70LPDJHIRUPXOWLWHPSRUDOVDOLQLW\PDSSLQJTXDQWLILFDWLRQDQGFKDQJHWUDFNLQJLQVSDFHDQG
WLPHZDVFRQGXFWHGLQ&HQWUDO,UDTE\:XHWDOD7KHRXWFRPHVUHYHDOHGWKDWWKHFUHDWHGVDOWLQHVVPRGHOV
FDQIRUHVWDOOVDOWLQHVVZLWKDSUHFLVLRQRILQGLFDWLQJWKDWWKHPDSSLQJVWUDWHJ\LVVLJQLILFDQWDQGH[WHQGDEOH
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WR RWKHU FRPSDUDEOH VLWXDWLRQV $QRWKHU VWXG\XWLOL]HG VDWHOOLWH LPDJHV ,56% /,66,, IURP  WR  LQ
3DNLVWDQWRGHYHORSDUREXVWPHWKRGIRUFKDUDFWHUL]LQJLUULJDWHGVDOLQLW\7KHKLJKHVWFRUUHODWLRQRIZDVIRXQG
EHWZHHQ(&DQGVRLOVDOLQLW\LQGLFHV$EEDVHWDO)LJXUHDDQGELOOXVWUDWHWKHFRUUHVSRQGLQJODQGXVHDQG
VRLOVDOLQLW\GLVWULEXWLRQVUHVSHFWLYHO\

)LJXUHD/DQGXVHFODVVLILFDWLRQ )LJXUHE'LVWULEXWLRQRIVRLOVDOLQLW\$EEDVHWDO
0HGLXP DQG ORZ UHVROXWLRQPXOWLVSHFWUDO VDWHOOLWH VHQVRUV KDYH VWLOO EHHQ WKH IDYRXUHG VWUDWHJ\ IRUPDSSLQJ DQG
PRQLWRULQJ VRLO VDOLQLW\7KLV LV SULQFLSDOO\ GXH WR WKH ORZ FRVW RI WKH LPDJHU\ DQG WKH FDSDFLW\ WRPDS H[WUHPH
VXUIDFH H[SUHVVLRQV RI VDOLQLW\ 1HYHUWKHOHVV PXOWLVSHFWUDO GDWD KDV OLPLWHG GLDJQRVWLF FDSDELOLW\ EHFDXVH RI LWV
FRDUVHVSDWLDODQGVSHFWUDOUHVROXWLRQV$OOEHGDQG.XPDU7KHXVHRIPXOWLVSHFWUDOLPDJHVIRUGHWHFWLQJVDOWV
LV KLQGHUHG E\ D VHW RI IDFWRUV 7KH TXDQWLW\ RI VDOWV FRQFHQWUDWHG RQ WKH VRLO VXUIDFH LV RQH RI WKH LPSRUWDQW
KDQGLFDSV 6DOWV DUH GLIILFXOW WR GLVFULPLQDWH IURP RWKHU VRLO VXUIDFH FRPSRQHQW LQ FDVHZKHQ WKH VDOW FRQWHQW LV
EHORZ±0HWWHUQLFKWDQG=LQFN6LJQLILFDQWUHVWULFWLRQVPD\HPHUJHWKURXJKGLUHFWPDSSLQJRIVRLO
VDOLQLW\ZLWKPXOWLVSHFWUDOLPDJHU\HVSHFLDOO\ZKHQWKHUHDUHQRVDOWDWWULEXWHVRQWKHVRLOVXUIDFHDQGZKHUHVDOLQH
VRLOVDUHGRPLQDWHGE\KDORSK\WHSODQWVDVPHQWLRQHGE\+RZDUL
$GGLWLRQDOO\PXOWLVSHFWUDOVDWHOOLWHVHQVRUVPD\OHDGWRLPSOLFDWHGUHIOHFWDQFHDVQRQVDOLQHVRLOVPD\EHFRQIXVHG
E\EDUUHQDQGH[WUHPHO\VDOLQHODQG2QWKHRWKHUKDQGVSHFWUDOUHVROXWLRQRI/DQGVDWEHFRPHVLQDGHTXDWHDV WKH
GLVWLQFWLRQEHWZHHQWKHVSHFWUDRIVDOLQHDQGZDWHUORJJHGODQGLVKLJKO\ZHDNWRSHUPLWVSHFWUDOVHSDUDWLRQ)UDVHU


2.3. Hyperspectral Remote Sensing of soil salinity 
7KHDGYDQFHPHQWRIDLUERUQHDQGVDWHOOLWHEDVHGK\SHUVSHFWUDOVHQVRUVKDVSDUWLDOO\RYHUFRPHVSDWLDODQGVSHFWUDO
UHVWULFWLRQV RI PXOWLVSHFWUDO VDWHOOLWH LPDJHU\ IRU ERWK UHJLRQDO DQG ORFDO PRQLWRULQJ DQG PDSSLQJ VRLO VDOLQLW\
+\SHUVSHFWUDOVHQVRUVZLWKDQH[WHQVLYHQXPEHURIQDUURZDQGFRQWLJXRXVEDQGVDUHILWIRUJLYLQJVXIILFLHQWGDWDWR
GLVWLQJXLVK DQG UHFRJQL]HEHWZHHQ VSHFWUDOO\ VLPLODU EXW XQLTXHPDWHULDOV 6KLSSHUW +\SHUVSHFWUDO DLUERUQH
VHQVRUV RIIHU DQ H[WHQVLYH QXPEHU RI VSHFWUDO EDQGV ZLWK KLJK VSDWLDO UHVROXWLRQ WKDW SHUPLW WKH VHSDUDWLRQ RI
KDORSK\WH SODQWV IURP QRQKDORSK\WH SODQWV DQG DGGLWLRQDOO\ WKH GLVWLQJXLVKLQJ SURRI RI VXUIDFH VDOW IHDWXUHV LQ
511 Taha Gorji et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  507 – 512 
PRUHGHWDLOWKDQWKHPXOWLVSHFWUDOVHQVRUV*XSWD'XWNLHZLF]$UHDVLQIOXHQFHGE\ORZWRPRGHUDWHVRLO
VDOLQLW\ OHYHOV DUH FRPPRQO\ FKDUDFWHULVHG E\ D JRRG FRYHU RI VDOWWROHUDQW YHJHWDWLRQ DQ DEVHQFH RI VDOWVHQVLWLYH
YHJHWDWLRQ DQGPLQLPDO H[SRVHG VRLO 6XFK DUHDV DUHPRUH GLIILFXOW WRPDS DV WKHUH LV DPRGHUDWHO\ VOLJKW FRQWUDVW
EHWZHHQWKHVDOLQHDQGQRQVDOLQHDUHDV+RZHYHUREWDLQLQJPXOWLWHPSRUDODQGSHULRGLFGDWDWRPRQLWRUVRLOVDOLQLW\
IRUODUJHVSDWLDOGRPDLQVLVFUXFLDODQGWKLVPLJKWEHFRVWO\DQGOLPLWHGWRXVLQJK\SHUVSHFWUDODLUERUQHV\VWHPV
5HVXOWVDQGGLVFXVVLRQV
$ZLGHUDQJHRIPLWLJDWLRQVWUDWHJLHVDUHUHTXLUHGWRFRSHZLWKVRLOVDOLQLW\LPSDFWVDVLWFDQEHDGGUHVVHGDVRQHRI
WKH PRVW FRPPRQO\ REVHUYHG DJULFXOWXUDO DQG HQYLURQPHQWDO SUREOHP ,W LV VHHQ WKDW XVH RI VDOLQH ZDWHU IRU
DJULFXOWXUH LV OLNHO\ WR LQFUHDVHZLWK LQFUHDVLQJZDWHU VFDUFLW\ 7KXV LWZLOO EH LPSRUWDQW WRPRGLI\ FXUUHQW VRLO
LUULJDWLRQ DQG FURSPDQDJHPHQW SUDFWLFHV WRPDQDJH WKLV LQHYLWDEOH VDOLQLW\ LQFUHDVHV HVSHFLDOO\ LQ WKH DULG DQG
VHPLDULGUHJLRQVRIWKHZRUOG$VVWDWHGE\*KDVVHPLHWDODQG0HWWHUQLFKWHWDOWKDWDOPRVWRI
WKHZRUOG¶VLUULJDWHGODQGLVVDOWDIIHFWHGDQGWKLVSURSRUWLRQGLVSOD\VDQLQFUHDVLQJWUHQGHYHQWKRXJKFRQVLGHUDEOH
HIIRUWVDUHSDLGWRODQGUHKDELOLWDWLRQDQGUHFODPDWLRQSUDFWLFHV$VWKHFXUUHQWVLWXDWLRQLVQRWWKDWPXFKSURPLVLQJ
LQWKHVHQVHRIVXVWDLQDELOLW\PRQLWRULQJRIVRLOVDOLQLW\RQWKHDOUHDG\VDOLQHVRLORURQWKHVRLOWKDWLVSURQHWRVXFK
DULVNQHHGVWREHZHOOPRQLWRUHGWRVHFXUHODQGXVHPDQDJHPHQW6XFKVDOLQHDIIHFWHGDUHDVFRYHUKXJHODQGWKDW
PDNHV LW TXLWH LPSRVVLEOH WR H[DPLQH VRLO TXDOLW\ ZLWK ILHOG DQG ODERUDWRU\ GDWD :LWK WKH WRGD\¶V DGYDQFHG
WHFKQRORJ\ WKH JURXQG WUXWKPHDVXUHPHQWVPXVW EH FRXSOHGZLWK HVSHFLDOO\ UHPRWH VHQVLQJGDWD WR DFKLHYHEHVW
PRQLWRULQJ UHVXOWV ,Q WKH ROG GD\V JURXQGREVHUYDWLRQVZHUH WKHRQO\PHDQV RIGHWHFWLQJ VDOLQLW\ SUREOHPV DQG
OHYHOVKRZHYHULQSDUDOOHOWRWKHWHFKQRORJLFDODFKLHYHPHQWVDQGWKHDELOLW\WRXWLOL]HPRGHUQWHFKQRORJLFDOWRROVRI
UHPRWH VHQVLQJ ZLWK WLPH PDNH WKLV LVVXH TXLWH FRQWUROODEOH DQG PDQDJHDEOH 7KXV EHVW PRQLWRULQJ UHVXOWV DUH
QRZDGD\VREWDLQDEOHE\LQWHJUDWLQJJURXQGWUXWKGDWDLQFOXGLQJILHOGDQGODERUDWRU\GDWDZLWKUHPRWHVHQVLQJGDWD
0RXJHQRW HW DO  'HPDWWH HW DO  DQG $OOEHG DQG .XPDU  XQGHUOLQHG WKH QHFHVVLW\ OLQNDJH
EHWZHHQ JURXQG REVHUYDWLRQV DQG 56 GDWD LQ WKHLU UHVHDUFK 0RUHRYHU LW LV LPSRUWDQW WR QRWH WKDW VSDWLDO DQG
WHPSRUDOFKDQJHVPD\HDVLO\EHGHWHFWHGZLWKWKLVLQWHJUDWLRQWRSXWIRUWKWKHFKDQJHGHWHFWLRQV$QRWKHUDGYDQWDJH
RIWKLVFRXSOLQJOLHVLQWKHUHDOLW\WKDWODUJHDUHDVDUHXVXDOO\FRQFHUQHGLQVDOLQLW\LVVXHVLQPDQ\UHJLRQVWKDWPDNH
LW GLIILFXOW IRU WKH UHVHDUFKHUV DQG VFLHQWLVWV WR WDNH IUHTXHQW VRLO VDPSOHV IURP WKH VWXG\ DUHDV:LWK WKH XVH RI
UHPRWHVHQVLQJGDWDRQHFDQEHDEOHWRSUHGLFWDQGIRUHVHHWKHVHQVLWLYHDUHDVDQGHYHQFDQRSWLPL]HWKHQXPEHURI
VDPSOLQJVWDWLRQV$SDUWIURPSUHGLFWLQJDQGPRQLWRULQJRIVDOLQHDIIHFWHGODQGLQDFRVWDQGWLPHHIIHFWLYHPDQQHU
WKURXJKWKHXVHRIUHPRWHVHQVLQJGDWDGLJLWL]HGPDSSLQJLVDOVRSRVVLEOHZKLFKLVHYHQHTXDOO\LPSRUWDQWIRUWKH
IDUPHUVDQGORFDODXWKRULWLHV%\WKHXVHRIWKH56WHFKQRORJ\HDUO\ZDUQLQJV\VWHPVDJDLQVWVRLOVDOLQLW\PD\EH
DFKLHYDEOHZKLFK LVKLJKO\ LPSRUWDQWIRU LQFUHDVLQJFURSSURGXFWLYLW\DQGHYHQIRUVHOHFWLQJ WKHDSSURSULDWHFURS
SDWWHUQ)XUWKHUPRUHVDOLQLW\PDSSLQJVKRXOGEHSUHIHUUHGWRDOHUWSHRSOHWKDWLIQRSURWHFWLYHPHDVXUHVDUHWDNHQ
WKHDUHDZLOOEHFRPHHYHQPRUHVDOLQHZKLFKZLOOWKHQEHPRUHGLIILFXOWWRFRSHZLWK
&RQFOXGLQJUHPDUNV
7UDGLWLRQDOO\VRLOVDOLQLW\PRQLWRULQJDQGSUHGLFWLRQDUHRIWHQFDUULHGRXWZLWKLQWHQVLYHILHOGZRUNDQGVDPSOLQJ
0RVWSUHYLRXVVWXGLHVKDYHQRZDGD\VIRFXVHGRQGLIIHUHQWLDWLQJVDOLQL]HGVRLODQGQRQVDOLQL]HGVRLOTXDOLWDWLYHO\
DQDO\]LQJ WKH GLVWULEXWLRQ RI VRLO VDOLQLW\ DQGPRQLWRULQJ WKH G\QDPLFV RI VRLO VDOLQLW\ ,Q UHFHQW \HDUV 5HPRWH
6HQVLQJ*,6DQGPRGHOOLQJKDYHEHFRPH WKHSUHIHUUHG WHFKQRORJLFDO WRROV WRPDS VRLO VDOLQLW\GXH WR ODUJH DUHD
FRYHUDJHZKLFKLVRIXWPRVWLPSRUWDQFHERWKIURPWKHDJULFXOWXUDODQGHQYLURQPHQWDOSHUVSHFWLYHV5HPRWHVHQVLQJ
GDWDPDNHV LW SRVVLEOH WR REWDLQPXOWLWHPSRUDO GDWD IRU YDU\LQJ VSDWLDO GRPDLQV DQG FRQGLWLRQVZKLFK LV D NH\
HOHPHQWWRPRQLWRUDQGGHWHFWVRLOVDOLQLW\
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